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1 Introduction
[bookmark: _Toc474247438]RAN3#118 meeting agreed:
WA: Uu Cell ID is used in HO signaling.
FFS on what’s the TAC to be used when using Uu cell ID in Xn setup and configuration update procedures.

The earth moving cell scenario described in Section 3.1 of R3-226859 is valid. 
Continue discussion on:
· How to support this EMC case?

This contribution discusses the RAN3 related aspects on the Mobility and Service Continuity Enhancements in NR NTN.


2 Uu cell ID or Mapped Cell ID in Handover Signaling
In Earth-Moving case, the satellite beam sweep on the earth. For a specific geo-area, a satellite beam #1 gradually moves from not covering the geo-area (T) -> partially covering the geo-area (T+1) -> fully covering the geo-area (T+2) -> partially covering the area (T+3) -> not covering the geo-area (T+4). Meanwhile, a new satellite beam #2 starts to cover the same geo-area from T+3.   




Figure 1: Example for Earth-Moving satellite
The relation between a Uu cell coverage and the geographical area(s) identified by Mapped Cell ID(s) keeps changing, as the satellites moves.
In Rel-17 TS38.300, “The Cell Identity included within the target identification of the handover messages allows identifying the correct target cell.” When Uu cell ID is used, it is same as TN and does not have any issue. The main issue is the Mapped Cell ID. Rel-17 does not specify whether Uu cell ID or Mapped Cell ID should be used in the handover signaling. 
Previous RAN3 meeting agreed “The target gNB is able to uniquely identify the target cell based on the target cell information received from the source gNB.” Source gNB should ensure the Mapped Cell ID in the handover signaling should uniquely identify the target cell. Both source gNB and target gNB can be configured with the mapping between Mapped Cell IDs and geographical areas. 

It is true that a Mapped Cell ID can uniquely identify a target cell in some other scenarios, e.g. when a geo-area is fully covered by one Uu cell/Satellite beam (e.g. T+2 and T_4 in above example). But it is also true that a Mapped Cell ID is not able to uniquely identify a target cell in some other scenarios, e.g. when a geo-area is “split” and covered by more than one Uu cell/Satellite beam (e.g. T+3). 

Here is an example for Earth-Moving case, target gNB has 2 Uu cells (#1 and #2). 
 * At T1, the geo-area of the mapped cell is fully covered by Uu cell #1. It is ok to use Mapped Cell ID as target cell ID, since it uniquely identify target cell is Uu cell#1. 
 * However, at T1+10, as satellites moves, part of the geo area is covered by Uu cell#1, and other part is covered by Uu cell#2. If using Mapped Cell ID as target Cell ID in HO Req, target gNB cannot know which Uu cell is target, and not be able to reserve resource in Uu cell#1 or cell#2.



Figure 2: Example for Earth-Moving satellite
This example may be popular in Earth-Moving Satellite. Without uniquely identifying the target Uu cell (satellite beam), the target gNB may reserve resource in an incorrect Uu cell, thus cause the handover failure. 

If source gNB uses the Mapped Cell ID as target cell ID in the HO signaling, target gNB may not be able to uniquely identify the target cell in some scenarios. There are two options to move forward:
· Option 1: clarify only Uu cell ID is used in the handover signaling. 

· Option 2: clarify both Mapped Cell ID and Uu Cell ID may be used in the handover signaling, and source gNB need to ensure target gNB can uniquely identify the target cell based on the target cell information in the HO signaling.  In case source gNB cannot ensure whether the Mapped Cell ID can uniquely identity target cell, source gNB should use Uu Cell ID.  This may give the freedom to source gNB, but target gNB need to support both Uu cell ID and Mapped cell ID received in the HO signaling. In addition, this may add complexity in the source gNB to make the decision on using Mapped cell ID or Uu cell ID. 

Option 1 is simple, and can avoid the confusion. Option 2 may provide some freedom, but it adds the complexity in both source gNB and target gNB. So we prefer Option 1. 

In addition, using Uu cell ID is also applicable to TN-NTN mobility. The TN gNB does not have the capability to determine Mapped Cell ID. So for TN-NTN mobility, the TN gNB can only use Uu cell ID in the handover signaling. 

Observation 1-1: the geographical area of a Mapped Cell ID may be served by more than 1 Uu cells.
Observation 1-2: source gNB may not know whether the geographical area of a Mapped Cell ID is served by more than 1 Uu cells in target gNB.
Observation 1-3: in TN-NTN mobility, the TN gNB can only use Uu cell ID in the handover signaling.

Proposal 1: Update Stage-2 to clarify the Uu cell ID is used as target Cell ID in the handover signaling.

3 TAC information exchanged over Xn interface
In current XnAP, the gNBs exchanges the information of the serving cell. The exchanged information includes the serving cell’s TAC. In Rel-17, a cell may broadcast multiple TACs over the Uu interface. In that case, it is unclear which TAC should be exchanged over XnAP interface. 

In TN, the exchanged serving cell’s TAC can be used by the receiver gNB when need to decide the candidate target cell. For example, if the neighboring cell’s TAC belong to the Forbidden TACs of the Mobility Restriction List, the gNB will not consider the neighboring cell as a candidate target cell for the UE. 

The HO decision is made in the source gNB. It is the source gNB’s responsibility to use the Mobility Restriction List and the neighboring cell information to determine a candidate target cell for a UE.  Mobility Restriction List is also applicable to NTN. TS 23.501 defines:
-	The AMF and the UE receive the broadcast TAI (if a single TAI is broadcast) or all broadcast TAIs (if multiple TAIs are broadcast) from the NG-RAN as described clause 5.4.11.7. The AMF considers the UE to be in a Forbidden Area if the only received TAI is forbidden or if all received TAIs are forbidden based on subscription data. The UE considers it is in a Forbidden Area if the only received TAI is forbidden, or if all received TAIs are forbidden and is not within a Forbidden Area in the case that at least one broadcast TAI is not forbidden.
In NTN, a Uu cell may broadcast multiple TACs, e.g. each TAC corresponds to a geo-area within the coverage of a satellite beam/Uu cell. The question is how to exchange the multiple TACs over Xn. 

Last meeting discussed an option that the Served Cell Information IE includes all TACs of a Uu cell, but this may cause frequent Xn signaling to update the TAC information when the satellite moves. 

There is another option to use the Mapped Cell ID and the associated TAC. The gNB have the mapping between the Mapped Cell ID(s) and its coverage area, e.g. Mapped Cell ID#1 for east area, Mapped Cell ID#2 for west area, etc. The gNB provides this information, e.g. a list of {Mapped Cell ID, associated TAC}, to its neighboring gNB via Xn interface. So the gNB (e.g. gNB1) know list of {Mapped Cell ID, associated TAC} for its neighboring gNB (e.g. gNB2). When there is a need for serving gNB (e.g. gNB1) to handover the UE to neighboring gNB (e.g. gNB2), the following procedure is performed:
· Step 1: gNB1 determine the Mapped Cell ID (e.g. Cell ID #1) of gNB2 based on the UE’s location.
NOTE: gNB1 is configured with the Mapping between the Mapped Cell ID and geo-area information, not just for its own serving area, but also for the neighbour area served by gNB2.

· Step 2: gNB1 checks the associated TAC of the Mapped Cell ID against the Mobility Restriction List. If the TAC belongs to the Forbidden Area, gNB1 shall not handover the UE to gNB2. Otherwise, Step 3 is performed

· Step 3: gNB1 initiate the HO procedure towards gNB2. The HO signaling includes the Uu cell ID. 

Proposal 2: RAN3 discuss the two option to exchange the multiple TACs over Xn
· Option 1: the multiple TACs is associated with a Uu cell ID. 
· Option 2: the TAC is associated with a Mapped Cell ID. 

4 Discussion on RRC_INACTIVE state mobility
A UE served by the NTN may perform RRC_INACTIVE state cell re-selection to a TN cell. 
As per the following SA2 agreements made in the context of NTN:
· Clause 5.4.11.2 [2]: In case of NR satellite access, the RAT Types values "NR(LEO)", "NR(MEO)", "NR(GEO)" and "NR(OTHERSAT)" are used in 5GC to distinguish the different NR satellite access. 
· Clause 5.4.10 [2]: In order to enable efficient enforcement of Mobility Restrictions, cells of each NR satellite RAT Type (NR(LEO), NR(MEO), NR(GEO) or NR(OTHERSAT)) need to be deployed in TAs different from TAs for other NR satellite RAT Types as well as different from TAs supporting terrestrial access RAT Types.
The above agreements imply that, each NTN RAT Type e.g. NR(LEO), NR(GEO) etc. must be configured with non-overlapping Tracking Area (TA) or the CN Registration Area or simply Mobility Registration Area (MRA). Which means that for the NTN and TN overlapping scenarios, the TA or MRA of NTN and TN must be clearly defined without an overlap.
Observation 3-1: Each NTN RAT Type e.g. NR(LEO), NR(GEO) etc. must be configured with non-overlapping Tracking Area (TA) or the CN Registration Area or simply Mobility Registration Area (MRA). 
Observation 3-2: For the NTN and TN overlapping scenarios, the TA or MRA of NTN and TN must be clearly defined without an overlap.
Following deployment scenarios may be possible for NTN:
1. NTN deployed with PLMN different from TN
1. NTN and TN deployed with Equivalent PLMN (EPLMN)
1. NTN and TN deployed with common PLMN

If we consider NTN and TN overlapping scenarios for an RRC_INACTIVE state UE, the following scenarios are most likely:
· RRC_INACTIVE state UE served by NTN cell re-selects a TN cell,
· RRC_INACTIVE state UE served by TN cell re-selects an NTN cell

In both the above-mentioned likely scenarios, it may be desirable to allow a UE in RRC_INACTIVE state to re-select from NTN cell to TN cell or vice-versa without a RRC state transition i.e., either to RRC_CONNECTED or to RRC_IDLE while preserving the existing PDU sessions and configured DRBs.

Observation 3-3: It may be desirable to allow a UE in RRC_INACTIVE state to re-select from NTN cell to TN cell or vice-versa without a RRC state transition i.e., either to RRC_CONNECTED or to RRC_IDLE.

Observation 3-4: Avoiding RRC_IDLE transition for a UE in RRC_INACTIVE state upon re-selection from NTN to TN or vice-versa shall save an unwanted RRC Re-establishment.

Due to SA2 agreements for NTN, as captured above, when an RRC_INACTIVE state UE re-selects from NTN cell to TN cell or vice-versa, UE must trigger Mobility Registration Area Update procedure to inform the AMF that it has entered a new Tracking Area (TA) or Mobility Registration Area (MRA). 

Observation 3-5: When an RRC_INACTIVE state UE re-selects from NTN cell to TN cell or vice-versa, UE must trigger Mobility Registration Area Update procedure to inform the AMF that it has entered a new Tracking Area (TA) or Mobility Registration Area (MRA).

Proposal 3: RAN3 to discuss potential impacts to support RRC_INACTIVE state re-selection from NTN cell to TN cell or vice-versa without an RRC state transition, while preserving the PDU sessions and configured DRBs.

6 Conclusions
In this contribution, we analyzed the support for mobility enhancements. Our proposals are:
Proposal 1: Update Stage-2 to clarify the Uu cell ID is used as target Cell ID in the handover signaling.
Proposal 2: RAN3 discuss the two option to exchange the multiple TACs over Xn
· Option 1: the multiple TACs is associated with a Uu cell ID. 
· Option 2: the TAC is associated with a Mapped Cell ID. 
Proposal 3: RAN3 to discuss potential impacts to support RRC_INACTIVE state re-selection from NTN cell to TN cell or vice-versa without an RRC state transition, while preserving the PDU sessions and configured DRBs.
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TS23.502 N2-based HO
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Figure 4.9.1.3.2-1: Inter NG-RAN node N2 based handover, Preparation phase
[bookmark: _Toc114667966]4.9.1.3.3	Execution phase


Figure 4.9.1.3.3-1: inter NG-RAN node N2 based handover, execution phase


[bookmark: _Toc45192884][bookmark: _Toc47592516][bookmark: _Toc51834597][bookmark: _Toc114667967]4.9.1.3.3a	Execution phase for DAPS handover
This procedure applies only if at the end of the Preparation phase it has been determined that at least one DRB of the UE is subject to a DAPS related Handover.


Figure 4.9.1.3.3a-1: inter NG-RAN node N2 based DAPS handover, execution phase
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